Introduction
Blood plays a key role in a variety of vital functions, such as transporting oxygen, nutrients, and metabolic waste, defending the body against invading microbes, as well as healing wounds via hemostasis. Disruption of normal hematological phenotypes (such as type, size, or number of blood cells) has direct links to multiple diseases. Since blood is one of the most accessible tissues of the human body, it has been extensively used for diverse surveys into human biology, including measurements of clinical biomarkers, cell type diversity, gene expression, and genetic associations to all these traits.
In this issue of Cell, Chen et al. (2016) and Astle et al. (2016) describe large genetic association studies to molecular and physiological phenotypes in blood, respectively. These studies not only build an extensive catalog of genetic variants associated to diverse traits but also propose hierarchical causal mechanisms of how molecular changes lead to changes at the physiological and disease level. A classical problem with genome-wide association studies (GWAS) has been understanding biological mechanisms that mediate the associations because the associations typically have small effect sizes and are located in noncoding regions with unclear function. One of the approaches to bridge this gap has been mapping and characterization of genetic associations to gene expression to discover expression quantitative trait loci (eQTLs), as well as associations to other molecular traits, such as transcription factor binding, chromatin states, alternative splicing, and protein abundance (reviewed by Albert and Kruglyak, 2015; Pai et al., 2015) . In the papers published in this issue, the genetic associations to molecular traits in Chen et al. (2016) provide insight not only of genome function but also of cellular changes underlying disease associations. The massive GWAS by Astle et al. (2016) describes intriguing links between rare and common hematological traits and diseases, and integrates their data to those from Chen et al. (2016) and disease GWAS to shed light on biological mechanisms of blood traits, which can further predispose to diverse diseases.
The study by Chen et al. is the largest survey of multiple molecular traits in several primary cell types. They analyzed genetic, epigenetic, and transcriptomic variation in three major immune cell types: CD14 + monocytes, CD16 + neutrophils, and CD4 + naive T cells. In the framework of the IHEC consortium, they performed whole-genome sequencing, RNA-sequencing (RNAseq), DNA methylation array, and H3K4me1 and H3K27ac ChIP-seq to identify regulatory effects of functional genetic variants in up to 197 healthy individuals. These data are used to analyze genetic versus epigenetic effects on gene expression, molecular QTLs and their cell-type specificity, and GWAS mechanisms. During the past 10 years, epigenome-wide association studies (EWAS) have sought to measure environmentally acquired epigenetic effects on phenotypes (Birney et al., 2016) . However, it is now increasingly understood that much of the epigenome variation is genetic. Chen et al. (2016) analyzed this by measuring the relative contribution of genetic and epigenetic factors to transcriptional variance. An association analysis between epigenetic traits and gene expression with and without adjusting for cis-genetic effects showed that more than 50% of epigenome-transcriptome correlations could be explained by underlying cis-genetic effects. This was supported by a joint variance component model showing that genetic effects explained the largest proportion of geneexpression variance. While these results from gene-expression analysis do not necessarily fully reflect variance components of complex traits, these results emphasize the importance of including QTLs in epigenome-wide association studies between epigenome variation and disease or other high-level traits. However, Chen et al. (2016) also identified numerous genes, particularly in immune pathways, where epigenetic regulation is correlated with transcription in a manner that cannot be explained by common variants. As the authors indicate, while it would be tempting to assume that, in these loci, epigenetic variation causes changes in gene expression, the causal direction of such correlations remains unknown (Birney et al., 2016) .
Mapping genetic associations to molecular traits has become a standard approach for understanding functional effects of genetic variants in cis. Furthermore, genetic variation can provide a causality anchor to describe causal relationships between different molecular changes. Chen et al. (2016) mapped genetic effects on gene expression (eQTLs), splicing (sQTLs), DNA methylation (meQTLs), and histone modifications (hQTLs), finding associations for 11.5% to 40% of tested features. These numbers were further increased by incorporating allele-specific expression data in the eQTL and hQTL mapping. Analysis of 
